Accurate clinical assessment of the severity of mitral regurgitation is often difficult, and left ventricular cine-angiocardiography is probably the most commonly used method of estimating it. It is therefore important to try to determine the accuracy of this method and to identify as far as possible any causes of error. We have attempted to do this in a series of 137 patients submitted to operation.
Accurate clinical assessment of the severity of mitral regurgitation is often difficult, and left ventricular cine-angiocardiography is probably the most commonly used method of estimating it. It is therefore important to try to determine the accuracy of this method and to identify as far as possible any causes of error. We have attempted to do this in a series of 137 patients submitted to operation.
SUBJECTS AND METHODS
The patients included in this series were all studied in the course of assessment for operation. Those (Brockenbrough, Braunwald, and Ross, 1962) . 35 mm. cine-angiocardiograms were obtained in the right anterior or the left posterior oblique projection using a Cinelix image-intensifier and Old Delft camera at a film speed of 30-40 frames per second.
The contrast medium was either Hypaque 85 per cent or Triosil 75 per cent in a dose of approximately 1 ml./ kg. body weight injected with a Gidlund pump at a pressure of 7-8 kg./sq.cm. Injection times were commonly between 2 and 3-5 seconds. The injection was signalled on the electrocardiographic record.
Assessmnent of Mitral Regurgitation. Mitral regurgitation was classed as grade 1 (trivial or mild), grade 2 (moderate), or grade 3 (severe). Grade 0 denotes no regurgitation at all; any reflux, however slight, placed a case into grade 1. The grading of reflux is essentially subjective and, like others, we have found that it is not possible to define exact criteria for each grade. Attention was paid to the width and density of the regurgitant jet, the degree and speed of opacification of the left atrium, and presence or absence of opacification and systolic expansion of the right pulmonary veins; the size of the left atrium was taken into consideration as this influences the rate at which the chamber opacifies. The occurrence of regurgitation during diastole, preceding the onset of visible contraction of the ventricle, and of multiple ventricular ectopic beats during the injection, was also noted.
All the cine-angiocardiograms in this series were independently examined by three observers, all with considerable experience in this field, who, working together in the same department, might be expected to have evolved similar criteria in assessing mitral regurgitation. At this stage, the observers were unaware of the surgical findings. The first observer (A) examined all the films on a second occasion in ignorance of his first assessment, and when his two assessments differed he viewed the films a third time for a final grading. This final grade was then compared with the grades allocated by observers B and C; where there was any disagreement in the grading, all three observers reviewed the films together and decided on an agreed grading.
In the 137 cases suitable for analysis, the angiographic assessment was compared with the surgical findings. In 67 cases the operation note included a clear statement of the estimated severity of mitral regurgitation. Some surgeons employ a five-grade scale (0, 1-4) or intermediate grades such as 1-2, and it was then necessary to edit the surgical grade so that all cases fell into one of 4 grades (0, (1) (2) (3) Possible Causes of Surgical-angiographic Disagreement. (i) Intramyocardial contrast injection occurred in 7 cases, in 6 of which a surgical grading was available. This was a highly significant cause of disagreement, and in all 6 cases the surgical and angiographic assessment differed (p<0 01). In 4 of these 6, the degree of regurgitation was underestimated by cine-angiocardiogram, whereas in the whole series of 93 cases with surgical comparison, there were only 10 in which this was the case (p < 0 02).
(ii) The transseptal approach (Table IV) . Though surgical-angiographic disagreement occurred more commonly (15 out of 24 cases, 62 5%) in cases studied by this method than in those studied by (iv) Atrial fibrillation (Table V) was the basic Analysis of these 12 cases and of 5 others not in the present series, in which spurious diastolic regurgitation was seen, showed that this always occurred in relation to a long diastole. In 13 cases, a simultaneous electrocardiograph showed that it followed a ventricular ectopic beat in 8 of them (6 in sinus rhythm, 2 in atrial fibrillation); the remaining 5 were all in atrial fibrillation. The duration of the diastole in which reflux occurred exceeded 1 second in 9 of the cases, and was never less than 084 sec. Exact timing of the reflux was difficult, but this either just preceded the QRS complex terminating the long diastole, or followed within a few milliseconds.
In 15 of the 17 cases, the mitral valve was either normal, or mildly stenosed (with or without regurgitation); in none of those in which it was measured was there an end-diastolic gradient across the valve at the end of a long diastolic filling period. There were 2 cases with mitral stenosis requiring valvotomy (orifice length 1 cm.), but in neither of these was the gradient measured; in one, an extremely long diastole may have permitted equalization of pressures at end-diastole. In 9 of the 17 cases there was important aortic valve disease, and 2 of these had severe aortic regurgitation. Of the 125 cases without spurious diastolic reflux, 32 had important aortic valve disease, 15 of these having severe aortic regurgitation. (ii) Transseptal catheterization and intramyocardial contrast injection. In our experience, there are certain disadvantages in using the transseptal approach. Thus, despite all precautions, it was associated with a significantly higher incidence of intramyocardial contrast injection, and this in turn was associated with a significantly higher incidence of surgical-angiographic disagreement. Intramyocardial contrast injection is always associated with multiple ventricular ectopic beats and commonly with an underestimate of mitral regurgitation; inadequate ventricular filling and transient depression of ventricular function lead to a succession of ineffective beats which not only fail to open the aortic valve, but also result in a lesser degree of mitral regurgitation than is present under more physiological circumstances. Even in those cases in which intramyocardial contrast injection did not occur, the transseptal technique was more commonly associated with surgical-angiographic disagreement than was the retrograde approach, though this difference was not statistically significant. The suspicion must, therefore, remain that in certain cases the presence of a rigid catheter through the mitral valve may impair its competence.
(iii) Influence of ventricular ectopic beats and of atrial fibrillation. Ventricular ectopic beats occur during a majority of left ventricular cine-angiocardiograms in our experience and that of others (Ross and Criley, 1962; Sellers et al., 1964; Rees, Jefferson, and Harris, 1965; Nagle, Walker, and Grainger, 1968) , though opinions differ as to their significance. In our series, ventricular ectopic beats appear to be an important cause of angiographic overestimate of mitral regurgitation; it is not disputed that in some cases with a competent or almost competent valve, multiple ectopic beats are not associated with significant reflux. Disagreement between the surgical and angiographic assessments was also commoner in cases with atrial fibrillation than in those with sinus rhythm, though this difference was not statistically significant. Atrial fibrillation has been shown experimentaUy to cause mitral regurgitation in normal dogs (Daley, McMillan, and Gorlin, 1955) , though there is no evidence that this is so in patients with normal mitral valves.
During a rapid succession of beats, whether conducted or ventricular ectopic, diastole is short and atrial pressure rises; in the absence of the normal sequence of atrial contraction and relaxation, the mitral valve is wide open at the onset of systole, and delayed closure of a rigid valve may then lead to early systolic regurgitation. The normal pathways of ventricular activation are disturbed when the impulse arises from an ectopic ventricular focus; regurgitation may then be the result of delayed activation of papillary muscles. The first postectopic beat follows a long diastolic filling period, and the resulting increased force of ventricular contraction and increased ventricular systolic pressure may then cause increased regurgitation through an incompetent valve.
(iv) Spurious diastolic regurgitation. Diastolic reflux could usually be readily recognized as it preceded the onset of visible contraction of the ventricle, and took the form of a puff of dye gently floating into the atrium rather than a jet with force behind it; its occurrence was not associated with an increased likelihood of angiographic overestimate of mitral regurgitation, though it is possible that diastolic reflux may have been overlooked when it occurred during a period of rapid heart action. In our experience, recognizable diastolic reflux occurred at the end of a long diastole, either in atrial fibrillation, or after an ectopic beat in sinus rhythm, at a time when left atrial and ventricular pressures had equalized, i.e. during diastasis. Thus, with only two exceptions, it did not occur when there was more than slight mitral stenosis; however, even with tight mitral stenosis, pressures may equalize at the end of a prolonged diastolic filling period. Aortic regurgitation may have been a factor in some cases, by causing more rapid equalization of atrial and ventricular pressure, or even a reversal of gradient before the end of diastole (Rees et al., 1964; Oliver, Gazetopoulos, and Deuchar, 1967; Lochaya, Igarashi, and Shaffer, 1967 (Ross and Criley, 1962) . The cusps cannot be seen separately, and though excessive mobility due to chordal rupture, or cusp prolapse (Criley et al., 1966; Stannard et al., 1967) (Miller, Kirklin, and Swan, 1965 Two observers agreed on the grading in two-thirds of the cases, and all three in a half. The angiographic and surgical gradings agreed in only 50 of the 93 cases. Disagreement between observers is due to the difficulty of defining a borderline between adjacent grades, in a subjective assessment based on several angiographic features. Disagreement between surgical and angiographic gradings was invariable in the few cases with intramyocardial contrast injection, and was commoner in those cases studied by the transseptal technique, and when there were multiple ventricular ectopic beats during the injection. Spurious diastolic regurgitation was easily recognized and was not a cause of error in interpretation; it occurs at the end of a long diastole in atrial fibrilation or after a ventricular ectopic beat, usually in the absence of significant mitral stenosis.
Left ventricular cine-angiocardiography often provides valuable information about the severity of mitral regurgitation in a difficult case, but this evidence must be related to the clinical and haemodynamic findings, and the causes of error in interpretation must always be remembered.
